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Recently, satisfactory n.%i results were 05'tie-i at .sI.x f=om gas sq1ing 

calorimeters running in the saturated avalanchercdelwithin the a.zq range 

of 1.5 to 17.5 Gev. Tostudythehighereneqybehavioroftbism>de,~ 

tests~recarriedoutinthe~4y4~atF~ab. Thispaperconta& 

resultscbtainedfirantheMACprototypaelectrme gnetic andhadronic &ori- 

mters miming in the proportional, saturated avalanche, and the str.eme.9 

regias for energies between 12 and150 GeV. 

Gas sa@i.ng calorkeers have gained inppulariq duringthelast 

few years because of needs for fine granulari~~~especialiy Ir, colliding beam 

c2xparime at se gk eneqies in order to protide a detee,or with good 

pattem recognition capability and e, y, T, and L identification within dense 

tracks. 3is canbe achievedbyproviding sufficiently srrall cathode pads, 

strips hhich are group5 longituainally Ln two or three sections. 

The main gcdl of this work has been to s+zx& energy resolution and 1-q 

as a function of C gain and particle enerq. As we will see fran the &G 

present& ti this paper, that there is a subs*~tial irqxomt in the energy 

s Operated by Unlversllics Research Association Inc. under contract with the United States Department of Energy 
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resolution as the &&r qaic approaches the saturated avalanche reqior.. 

Tne resolution is still qccd ix the s--amer r&on witi <ye hadron caicri- 

;;eter for ezrqies. zlthcuqh only azcund 25 GaV ad below. 

SufficientPzr larqe siqnab obtainable in the satuxat& avalaxhe mcde 

eliminate needs fcr rresmplifier, sinplifies elecixonics constniction and 

~calitxation, and reduces cost. 

Dsscription of the Calorimeters 

The calorinmers studied were the two -MAC prototypes, 3 ahadron, andan 

electmmagnetic caiorheter. Ne will not describe the eiectmmqnetic calori- 

~~heresinceitisfuLlydescribedinReferenceland3. 

Fig. lshom the arrangemzitof the hadron calorimeter. It is ca&osed 

of 35 chamber planes and 35 iron plates of 2.7 an thick, a total of 5.7 

absorption lenqths. The details of thewire plane aregiven in the figure. 

The whole asseikly, including the distributed storaqe capacitors, was placed 

in an ttLmimm container thztcuuld be evacuated for fast flushing with 49.3 

parcent argon, 43.3 -cent ethane, and 1.4 percent et!?yl aimhoi mixture 

whichwas the detector qas durinq the entire tests. As shown in the figure, 

the anodewires of each plane were ccmectedto a ccmrm strip, andcddand 

even planes were qroupedtcgether for studyinq 2.7 an and 5.4 an thick iron 

SaIIlplilq. 60 meter lcnq RS58/V maxial cables carried the total charqe ob- 

tained frm these qzoups to two charnels of LeCroy 2249W XC's which were 

qated with 2.5 usec wide pulses. The wide gate width was due to very large 

qroupinq of wires khxe capacitance exceeded 12 nF that caused long decay 

tiUYSS. ?here was no need for unplifiers k&men the wires and the EC. 
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2&ei, it w3s necessa_?- tc attmmte <le large siFtis 2-x 'he larqe qop 

of w*es >;it& attp,u&crs ;-alued between. 2 30 and 58 &Z CL? 5e srrem node) 

ciepen5inq on the high voltiqe. The qas pressure was kept zxmd atmxpheric 

pressures at al1 tj.rres. Tfie Getectcr qas was replmisbeti S.v-9 mm or three 

weeks. 

Fig. 2 shows the essen-iai part of the layout. The 144 beamline was ma& 

to provide &a.rged secondaries q tc 200 GeV/c with e?@asis cn bgh rmwnta 

zrticies. A sweeper cT+ie and a 3 mthiciclead cmvezerwere added q- 

stream to prcduce a clean electron bemnby sweeping out the charged particles 

andcanve?=tinqy's frcmthe TO decay. Indeed, thiswasvery s uccessfula.sit 

will Se shown later. Zlectzon cxkamim tion of the hadron bss energies 

above 35 GeV ms 2-3 percex. This contamination was elirrbated by using a 

10 cm thick lead Sri& qsceam. 

The prticles b he beam were nanentm analyzed >:' 2 s~pctroxreter con- 

SiStl?q Cf fc~r FFB dL.poie r;dgnets ad tkze~ (X,y) SeCS zf XitiWire propor- 

tionai czhahers with 1 ;rm spacing whid? Fxovided mmentm tiete-rmilation accu- 

racy of cp/p 5 0.5 percent at hiqh bearri numentm. At lmer mrnentm, the ml- 

tiple scattering, due to scintillators, charnb.zrs, and several ureters of air 

9ap, causes a significant deterioratim ti mmzntm detembeticn. Tiliswas 

mnitored b:, the chan$ers izasurinq beam broadening in the nonbend vertical 

plane which was detem.ed 'cc be &p/p 2 32 ~rcent/p (&v). 



Txe kiqqer ~3s SC1 a SC2 * SC3 8 T Setwem X1, sc2, ad SC3 sc>tillafion 

CS;Llters, and the d-lole ~.'eiO was Lseci fcr ~&ti&~Zttig 2Tats mn+&-b~ mi- 

ties ahay from t'le defi?ed p2.z-t cf 5e beam. A pile-l+ gate was used in the 

txmgr- to rejec% tracks tee closel:- foilming each other. 

c-- values of total pulse heiqht distrtiutions were cb+G.nti from 

Gaussian fits to tie data. Snly <!at Frtion within C1.5c of tie xan were 

used 2. the fittbg procedure. Tne resolution of +Ae caiorimte- :'I various 

enerqles of negatively charged hadrcns is shown in Fig. 3. En2z-p resolution 

c/E is linearly de~dentonE-v2with a dependence of % 73 percent/-Jup 

to the mmsnta aromd50 GeV/c, anditgetsworsekeyond that. lhismaybe 

clarified as we leek at the following results. 

'&e c/E dependence on high wltage (i.e. gas gain) and micle energy 

was studied. Fig. 4 shows that the resolution is substantially Setter as the 

gain increases cwinq to less fluctuations in the total pulse heights. We 

be;iere this is &e to gain suppression for highly ionizing tracks. More 

soft :&icles are produced in hadrmic cascades than purely elect-magnetic 

cascades; therefore, this shouid Se mare pronounced is the hadronic case. 

The izprovemen t ir, resolution contimes well into the self quenching strm 

repcn fosr 25 Gev. An eh-lier work2 showed that sore strearre trmsition 

starts around 2.6 kV and reaches its full transition Ame 2.85 kV. c/E 

appears to get worse around f;ll tzmsition. This can be attributi to the 

fact Cat the cell size of 1.7 an is tee wide, and a lyre fraction of the 

tracks ray not make stremars due ts * ihe space charge saturation in dense 

tracks. This gets worse at 50 and 75 &V as seen in the figure. 
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mr<~yt,s were psrfcrmed to measure the zqmtiudes of saturatic:: ti 

tie satcrated avaimche region. ?or tie-c =tu& -- I _ , me qain cliaraczris~ics 

of an eieemaghetic calorirreter tube (9.5 mn X 9.5 mll) iias Teamred as a 

funaion cf i-:,e k>qh voitage for x-rays of 1.5, 3, 5.9, 6, aqd 22 keV. 2-e 

results h'e simm i-, Figs. 5 and 6. The qain suppressions axe clear>? dma- 

stratee iz Fi?. 6, +he iazger the x-ray eneF:r, %e larger the sqpressioz. 

Fig. 7 sin.7s the total charge obtained from the calorimter at\;arious 

high voitage settings for 25 GeV i&rons. The qain suppression effect for 

:tigliy ioEizl-,g soft tracks is clearly seen, tithough tie calorireter respoase 

is perfeml: linear for energies qz to 50 GeV and high voltage vaiues I+ to 

2.6 kV as showa in Figs. aa, b, and c. Amund 75 GeVandabove, there is 

she departure fmlinear reqcmse. At 100 GeV, 3 percent of the total 

charge 5s iost due to the energy leakage, and *be rest of the deviation my 

be due to &e spce charge saturation for the dense tracks. 

The tc'& charge distribution for 50 GeV hadmons seen Ir. Fig. 5a is ~a- 

SOntiiy 9032 Gaussim with a slight a symetiJr on t!e icmer weroy side. 5's 

is mare cle~-P~- seen with the logarit!~ic piot, Fig. ?b. ligs. 1Ga and h 

show tiat the asymmetry gets larger at 75 GeV. This iower energ<v~-arcs 

v- wi<- tie &i-a4 octained fmm a corqxzable absorption length of a 

calorkieter capxsed of scintillator iron sqiing t>lpe. Fiq. 11 shms tie 

same t:-pe cf a.5mFL' hii& is dae to 5e ene-qy leakage. 

c/E was studied for 5.4 an thick sarqling by looking at the response 

fron the 02 or even &arfber sun. They were very identical irr response. 

Fig. 12 shows r/z versus E-1/2 for thick samplbq. 
- 

It is interesringly-,,. 2 

+&s the c/E values obtained for i.7 cx saxpltig. 
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LzJqe anti _-_ -1 pap. T=~T, sicntis were detecce? i;_Lx~lh the czic,rkta. 

25. 13a SichE :.i's Saks. The 1ma cne 2s tie cyms:Con cf the mesd 

mC: <he riam peak. II?le higher F&C is the EistzL;-xion ior the 75 &v 

!-ia&ons . Fig. :a shms tie e.xpznd& ;-iew of the 33qosite pezk. In t.?i.s 

;ickre, <le p&es5g. tis'dLbutio2 anti tie ~-p&x x-e c!earlv seem. m 
of -,ie pciestti is less +a3 one co~mt, an5 the .~-yeaic correspxxis tc 2.2 &V 

&temhe? from ti?e T-/L- ptise heights sham il :Fq. 14. 5e ratio is &b 

flat within the errcr. 

The seif *en&kg s*~aprer regims ha5 Lwes+ acei whiie the ctior<- 

meter was 5lly e2- 'iicient Cc the streamer transi'im at 3 W. Fig. 15 shows 

the total barge as a function of the ix&on enerq. Large space chat-ye sat- 

mationis showing its effect, thus the a/E stays cunstant above 25 GeVas 

seen in Fig. 16. 

Electzomqnetic Czlorimter 

The electron bean has quite clean in the way 1: was ~m5xE-5 as mtioned 

earlier. :+zmentm ~rczrecteci on-ltie b.istcuzzm ?.~a fcr -7 GeV eiect-o.?s -. 

as shcwn in Fig. 1; inticate t?i.s cleanliness. z lms 5_C the pedestal tistri- 

bution is less than me count. 

Fig. 18 shcws that cj'? gets a~reci&ly better es the gain approaches 

the saturated .sialanche regims fox 17 &V electrc.?s. 7r!-en it gets worse as 

the space charge lktitation begins due to dense =acks at higher gains. One 

"ay to inprove this is to use smaller size t&e s 215 rare heaviiy quenchng 

gases. 
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IQ.lti$e scattertig ccrrect& e3e-T2' resolution, -.'T of L!e ~m.iortiter 

3 & ~~~ir;r, of rLQ is g:y*yj - Fit. 19. It is r2TzIi&ly poti lq to 

100 MJ ex-Japclatb,q tc LY crigin. 

.T -3tal plse heigL5t as 2. 5mctisr. cf eneq (Xc. 22) s:hmx L;at line=-ty 

is good. gz to 40 C&V; beycn6 5at it Eeviates Iran the Cxeax behavior due 

to t-i.E s,acs ckrge sakxa-,icz as mcicnec; exlier. 

The &aviation fm linearity above 50 GeV makes -,?e r/T qen worse in tie 

sayp-ated avalanche region, ad beyond. Xe bsiieve '&at 5is is he to the 

space &arge saturationprhkre for very high track densities. One hay to 

impmve this is to reduce the cell size. 17mwide cell of the hadron Cal- 

orkreter is rather large. 

The linearity can be L~roved at tkke eqsnse of ~/ZSylmertig the 

:-iqh :dtage . .%I optimum l-sltage my be found depending on L5e exqy re- 

g.re cf ixerest. 

%e authors express 'ieti appr eciarion to R. Coxbes, R. Preepxt, and 

3. ?itson for providing the prototype calertiters: to K. ~i.nays~, P. 

cons-zzta , 3. E'reelrm , . XCL?~yrL=, T... ;cveless , and C. ?a?crakis fcr their 

help 2-l data taking; to M. 2rycyk and z. iirish for settkq up the evperinwt; 

and to the Xeson L&oratc,q. s-k_' for t.qeir supprt. 
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‘I. ;Cac ez ;1. , .XF Cc7Zemce ?roce&tics TZo. Z , ?Ezles ad 
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i7st.r. 3d Meth. 
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2. L. .:-?derson et +1 - 

(1978). 
. , - Trans. 02 KUCl. Sci. , -.:21. :YE-2j, 340 

F. Scuilii, Coltiia kiversity, private cxmmmicatior. 

Fimre Ca3ciozs 

~i=ltalarranqemx-lt. 

Essential part of theM4 beam layout. 

Hadron calorin-eter resolution, o/E, Mrsus Em112. 

c/E depdence on high voltaqe for the hadron cAorim.tez. 

Gain versus high voltage for various x-rav merzies using 
9.5 m x ?.5 mn t&e which is a replica ci the &ctromag- 
net& caiorimter. Clear saturations are seen L: the 
saturatti avaiaxle region. 

I&se h&&t versxs x-ray enez shmtic loge +riaticns 
5mn the Sear keha\*or > . K7e saturated z,aia=.<7e region. 

-total ;jalse height versus high voltage obtained. fmm 
the hadron calorimter for 25 GeV. 

Fit. Sa, b, c Pulse height 
2.2, 2.5, 

versus energy for high voltaoe set*---?qs of 
and 2.6 kV for tie hadron calor%eter. 

Fiq. 9a and b T!-ie total. change distribution for 50 GeV ha&c=. '&s 
low enq tail which is due to energy leakage is rrore 
clear with log-plot as shwn in Fig. 9b. 
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Fiq. 1ja &>E b ,>-liTe plse heiqht ~;~,r~utic~s obtained from y$e 
haecrn &orkte at ~5 WJ. Fiq. i3a shms ',ie katia~ 
-p& a-gj ';'le ccmqslte peaY;c of tie pciestal and ti-ie mu 
distributions. ?iq. 3, is the eqmied vied of tie cnr- 
psite peak. me L a-716 '_?P pedestal distribztions n 
cleanly separate. 

--q. 7i 14 

i‘is. 15 

Fiq. 16 

Fit. 17 

Fig. 18 

Fiq. 10 

Fiq. 20 

--is- p&se heights ratic as a faction cf the hiqh vol~ge. 
It is mnsistezt with a wnstant behavior. 

The tctal puke heiqht &cLc&Jti?.q &t&J-& >. h-55 sty- 
region as a fmcfzion of hadror. e?erq shoiiinq Iar-e devia- 
tions due to space chazqe saturation. 

,cjZ versus E -V2 in the streamx mde. 

On-line p&se heiuht Cistrk~utiofi for 17 GeV ob+kn& i-m 
the eiectmg-netlc calcrkter. It shows that the elec- 
tier. kern was veq de&-l. The peC;es+d c?istribution is 
also shcmn. 

o/E versus high wltage for the el ectrmagnetic calori- 
mater at 17 GeV. 

o/E 'ersus E-1'2 for tie electrrqnetic czloriwter. 

Total pulse heiaht versus enerqy shcwinq sormz departure 
from h-eari@ above 35 C&V for the electromagnetic calori- 
meter. 
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